The present paper deals with the vehicle's traction electric drive, consisting of several various electric power sources. One of the main requirements for such systems are the safety and sustainable operations, achieved largely the implementation of an uninterrupted supply of the vehicle's propulsion system with an electric power.
Introduction
At the present time according to the program of the electrification of various types of vehicles based on the electric energy, generated by renewable sources, the usage of different types of hybrid (dieselelectric, gasoline-electric etc.) and electrical traction systems for the various types of vehicles have now become very relevant (Bolvashenkov and Herzog, 2016; Bolvashenkov et al., 2014) . On the other hand, the constant growth of complexity of modern engineering systems does more and more complicated the task of achieving the required level of its safety and sustainable operations. The implementation of the specified requirements closely related to the assessment of sustainable operation indicators of the system. Indicators for sustainable operation are reliability and safety. Quantitative indicators of reliability are failure free operation probability, availability, repairability and durability. Quantitative indicators of safety are fault tolerance, survivability, resiliency and stability.
The greatest interest has a quantitative assessment of performance availability indices depending on the condition of the vehicle's operation, because they allow systematically evaluate such comprehensive indicators as the safety and sustainability.
Due to the fact that the vehicle's traction drives are the safety-critical systems, it is particularly important to assess correctly and accurately the required sustainability indices (safety and reliability) for the real conditions of operation. The values of these indices for the each equipment's elements should satisfy the requirements of the project.
In recent years, a specific approach called the universal generating function (UGF) technique has been widely applied to MSS reliability analysis (Lisnianski et al., 2010; Ushakov, 1986) . However, the main restriction of this powerful technique is that it may only be applied to random variables and therefore, concerning MSS reliability, it operates only with steady-states performance distributions. In order to extend the UGF technique application to dynamic MSS reliability analysis a special transform, called L Z -transform, was introduced (Lisnianski, 2012) for discrete-state continuous-time Markov processes, where one can find its detailed description and corresponding mathematical proofs.
In the present paper, the L Z -transform is applied to a real MSS Multi Power Source Traction Drive and its availability is analyzed. It is shown that L Z -transform application drastically simplifies the availability computation for such a system compared with the straightforward Markov method.
Brief Description of the z L -transform Method
We consider a discrete-state continuous-time (DSCT) Markov process
, which has 
According to (Lisnianski, 2012) , the L Z -transform of a DSCT Markov process ( ) X t is defined by the following expression 
At the next stage based on previously determined L Z -transform for each element j and system structure function f, given by 
The resulting L Z transform is associated with the output performance stochastic process for the entire MSS:
MSS mean instantaneous availability for constant demand level w can be easily derived from the resulting L Z -transform in the following form:
In other words, in order to find MSS's mean instantaneous availability one should summarize all probabilities in L Z -transform from terms where powers of z are greater to demand level.
Multi-state Model of the Multi Power Source Traction Drive with Gas Turbine

A. System Description
We consider the combined Gas-Turbine-and Diesel-electric power drive using in arctic cargo ships and icebreakers. Structure of ship's traction drive is shown in Fig. 1 . The system consists of Gas-TurbineGenerator and Diesel-Generators subsystem, Main Switchboard, Electric Energy Converter and Electric Motor Subsystem. Currently, the use of the Gas-Turbine-Generators as sources of electric energy onboard the vehicle is regarded as a very promising and competitive in comparison with conventional ship's Diesel-Generators.
The main advantages of the gas turbine considering (Bolvashenkov et al., 2014 ) are the follows:  lower operational costs;  large emissions reduction;  lower vibrations and noise level;  significant gain of weight and volume, especially for the ships with Azipod system.
Researches show that prime power generation on board hybrid electric ships presents several options that affect fuel consumption, power density, operational effectiveness, and survivability. It is found that direct coupling of gas turbines to permanent magnet generators reduces system mass and volume significantly as compared to conventional electric power generation systems installed today on the ships.
In the presented paper the authors have attempted to quantify the above advantages of the Gas Turbine in combined ship's traction drive in the real operational conditions on the basis of the performance availability calculation.
The nominal performance of the whole ship's propulsion system is 5500 KW. Performance of Gas-Turbine-Generator is 2750 KW. Performance of each Diesel-Generator is 1375 KW. Therefore, connecting Gas-Turbine-Generator and two Diesel-Generators in parallel results in nominal performance, which is required for the functioning of the system.
Main Switchboard device and Electric Energy Converter have nominal performance. Performance of each Electric Motor is 2750 KW. Therefore, connecting Electric Motors in parallel results in nominal performance, which is required for the functioning of the system.
In the ship's Gas-Turbine and diesel-electric power drives with a fix pitch propeller, the dimensioning of the electric machines has to be calculated accurately in order to estimate the available sufficient propulsion power, which directly determines by the required value of operational power and needed additional power in case of heavy weather or ice conditions in the area of navigation.
Possible structures of the arctic ship's propulsion system with a different number of generators and main traction motors are determined by operating conditions of the arctic ship and the ice and temperature conditions, look Fig. 2 . According to collected statistical data during the long-term operations of the ships in ice conditions of the Arctic, operational modes of arctic cargo ships can be represented as follows:
 Navigation with ice-breaker in heavy ice and navigation without icebreaker in solid ice needs 100% of generated power;  Navigation in the open water, depended on required velocity, needs the greater part of the operational time 50% of the generated power. This situation is typical for the arctic cargo ships. Usually, for such systems, demand is 100% and 50% of nominal power performance.
The state-transition diagram of the Gas-Turbine and Diesel-electric power drive is presented in the 
B. Gas-Turbine-Diesel-Generator's sub-system
Gas-Turbine-Diesel-Generator's sub-system consists of 3 connected in parallel pairs: Gas-TurbineEngine and Generator and 2 pairs of Diesel-Engine and Generator. Using the state-transitions diagram (Fig. 3) in accordance with the Markov method, we build the following systems of differential equations:
 for Gas-Turbine-Engine and Generator:
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 for Diesel-Engine and Generator (i=1,2): 
i i dp t p t p t dt dp t p t p t dt
A numerical solution for probabilities 1 ( )
can be obtained for each of these systems of differential equations using MATLAB®. Therefore, for Gas-Turbine-Engine and Generator and each Diesel Engine and Generator we can obtain the following output performance stochastic processes: 
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Using the composition operator fser  for Gas-Turbine-Engine and Generator, connected in series, one can obtain the L Z-transform
t , where the powers of z are found as minim of powers of corresponding terms: one can obtain the resulting L Z -transform for the Diesel-Generator's sub-system in the following form
Using the composition operator fser  for Diesel Engine and Generator, connected in series, one can
t for the Diesel-Generator's sub-system, where the powers of z are found as minim of powers of corresponding terms:
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one can obtain the resulting L Z -transform for the Diesel-Generator's sub-system in the following form
Using the composition operator fpar  for connected in parallel Gas-Turbine-Engine and Generator and two Diesel-Generators, one can obtain the L Z-transform
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C. The Main Switchboard
As mentioned earlier, the main switchboard is a device with 2 states of performance: a fully operational state with a capacity 5500 KW and a total failure corresponding to a capacity of 0.
According to the Markov method and the state-transitions diagram (Fig. 3) we build the following system of differential equations:
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D. Electric Energy Converter
As mentioned earlier, the electric energy converter is a device with 2 states of performance: a fully operational state with a capacity 5500 KW and a total failure corresponding to a capacity of 0.
According to the Markov method and the state-transitions diagram (Fig. 3) we build the following system of differential equations: 
Power Performance Calculation
Calculations were performed using the following failure and repair rates. The failure rate and repair rate of the Gas Turbine engine are 3 . As one can see the demand is seasonally changing -the maximum's duration is increasing at summer and decreasing at winter. MSS mean instantaneous availability for different constant demand levels is presented in Figure 6 . As one can see from Fig.5 , the instantaneous availability depends on operation conditions and changes from 88% for 100% of required of generated power to 98.4% for 50% of required generated power. Availability curve for the seasonal demand depends on the ice and temperature conditions, presented in the Fig. 2 .
Conclusion
In this paper, the L Z -transform was applied to a real problem -availability assessment of a Multi Power Source Traction Drive using in variable seasonal conditions.
It was demonstrated, that the L Z -transform method is well formalized and suitable for practical application in reliability engineering for a real-world MSSs analysis. It supports an engineering decisionmaking and determines a maintenance policy to provide a required power performance level for complex multi-state Multi Power Source Traction Drive. The proposed method provides a drastic decrease in computational burden compared with a straightforward Markov method, which in this case study would have required to build and solve a model with 196 states.
The proposed approach allows an optimizing the number, type and arrangement of the power sources of traction drive, their characteristics and schemes of connection in terms of providing the maximum operational availability. More broadly, the proposed method can be used as a universal tool for evaluation and optimization of performance availability of electric propulsion systems in real operational conditions, considering all possibilities of its increasing, such as redundancy, monitoring, predictive control and type of maintenance strategy.
